Introduction {#sec1-1}
============

Acute vertebral collapse due to any cause is associated with marrow signal changes. Magnetic resonance imaging (MRI) is important in differentiating benign from malignant causes of vertebral collapse. Various morphological MR features have been used, but they lack specificity. Chemical shift imaging with in-phase/out phase imaging relies on differentiating tissues based on the relative proportion of fat and fluid. In malignant lesions, there is complete replacement of marrow fat by malignant cells, therefore in out-phase images, there should be no signal drop. Therefore, signal intensity ratio (SIR) of out-phase/in-phase images should be high. On the other hand, in benign lesions, there is incomplete marrow replacement; therefore, there should be signal drop on out-phase images, and SIR should be low.\[[@ref1][@ref2]\] There are not many studies in Indian literature on the usefulness of this technique. Therefore, in the present study, we compared SIR values in benign and malignant vertebral collapse with that of normal vertebrae.

Materials and Methods {#sec1-2}
=====================

The present study was conducted in Radiodiagnosis Department of Maharishi Markandeshwar Institute of Medial Sciences and Research, Mullana, Ambala, Haryana. Chemical shift imaging using dual-echo gradient echo sequence is routinely used in our MRI protocol for evaluation of vertebral collapse with associated marrow changes. The study was approved by the ethical committee. MRI examinations of a total of 38 patients from October 2014 to October 2015 were retrospectively included in the study who had vertebral compression/collapse with marrow edema in which final diagnosis was available at the time of imaging/follow-up. Patients with previous spinal operative history, history of radiotherapy, and diffuse marrow signal abnormality were excluded from the study.

Magnetic resonance imaging protocol {#sec2-1}
-----------------------------------

All examinations were performed on a 16 channel 1.5 Tesla MRI scanner (Achieva, Philips Medical Systems, The Netherlands). Localizer was taken in axial and sagittal planes after making proper positioning of the patient. The MRI protocol consisted of sagittal T1-weighted (T1W), sagittal T2W, axial T1W, axial T2W sequences, and coronal short tau inversion recovery images. Sagittal in-phase/out-phase images were obtained using dual-echo gradient echo sequence with following parameters: TR-Minimum, TE1 -- 2.4 ms (for out-phase images), TE2 -- 4.6 ms (for in-phase images), flip angle-90°, slice thickness-5 mm, acquisition time -- approximately 20 s.

Magnetic resonance imaging evaluation {#sec2-2}
-------------------------------------

Conventional MR sequences were evaluated for locating the vertebral compression/collapse and areas of marrow signal abnormality. The area of abnormal marrow signal was identified on in phase/out phase images. An elliptical/rounded region of interest (ROI) was placed at identical sites on in-phase/out-phase images using electronic calipers, and signal intensity was measured. SIR was measured by dividing signal intensity value on opposite-phase images to that on in-phase images. Signal intensity was also measured in adjacent vertebrae with normal marrow signal on both in phase/out phase images with the calculation of SIR of normal vertebrae. In cases with multifocal lesions with involvement of multiple vertebrae, only one abnormal vertebra was sampled.

Results {#sec1-3}
=======

There were 21 males and 17 females with mean age of 52.4 years (range 28--76 years). Out of total 38 patients, 18 were of benign vertebral collapse. Benign vertebral collapse causes included: Osteoporotic (N-10), infective (N-6), and traumatic (N-2). Malignant vertebral collapse (twenty patients) causes included: Metastasis (N-16) and multiple myeloma/plasmacytoma (N-4). Based on the analysis of MR sequences and calculation of SIRs, the values in normal vertebrae, benign, and malignant vertebrae are listed in [Table 1](#T1){ref-type="table"}. SIR in normal vertebrae was 0.30 ± 0.14. In benign vertebral collapse, it was 0.67 ± 0.18 \[Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}\] and in malignant vertebral collapse, it was 1.20 ± 0.27 \[[Figure 3](#F3){ref-type="fig"}\]. There was significant difference in SIR of normal vertebrae versus benign collapse (*P* \< 0.01) and in benign collapse versus malignant collapse (*P* \< 0.01). Assuming a cutoff of \<0.95 for benign collapse and ≥0.95 for malignant collapse, chemical shift imaging was able to correctly identify 17 out of 18 benign vertebral collapse and 18 out of 20 malignant vertebral collapse (Sensitivity-90%, specificity - 94.4%, positive predictive value - 94.7%, and negative predictive value - 89.4%).

###### 

Showing signal intensity ratios (out-phase/in-phase)

![](JNRP-7-489-g001)

![Sagittal T1-weighted (a) and coronal short tau inversion recovery (STIR) images (b) showing mild anterior wedging of L4 vertebra with marrow signal abnormality along its superior end plate. Sagittal in-phase/out-phase images (c) showing signal drop on out-phase images with signal intensity ratio of 0.54 consistent with benign vertebral collapse](JNRP-7-489-g002){#F1}

![Sagittal T1-weighted image (a) showing partial collapse of D12 vertebra with marrow signal abnormality. Sagittal in-phase/out-phase images (b) showing partial signal drop on out-phase images with signal intensity ratio of 0.90 consistent with benign collapse](JNRP-7-489-g003){#F2}

![Sagittal T1-weighted (a) and T2-weighted images (b) showing partial collapse of D11 vertebra with marrow signal abnormality in D11 and L2 vertebrae. Sagittal in-phase/out-phase images (c) showing no signal drop on out-phase images with signal intensity ratio of 1.26 consistent with malignant collapse](JNRP-7-489-g004){#F3}

Discussion {#sec1-4}
==========

Chemical shift imaging is based on the principle that precession frequencies of hydrogen protons in water and fat molecules are slightly different, which means that after excitation; they will repeatedly be in-phase and out-phase. When in-phase, the signal of fat and water protons will be added. When out-phase (water and fat protons at 180° to each other), the signal of fat and water protons will nullify each other. Therefore, in voxels containing both water and fat molecules, there will be drop of the signal in out-phase images.

Rapid dual-echo gradient echo imaging allows fast acquisition at precise echo times to produce in-phase and out-phase images in a single sequence. At 1.5 Tesla systems, out-phase images are typically acquired at 2.4 ms and in-phase images at 4.6 ms.\[[@ref1]\] Due to very rapid and simultaneous acquisition, both in-phase and out-phase images are identical which allows precise placement of ROI at identical sites in both images. Due to rapid acquisition within a matter of seconds, it adds very little to the imaging time which is an important consideration when imaging old/debilitated patients.

Normal vertebrae contain roughly equal amount of fat and water protons. Therefore, they show loss of signal on out-phase images with low SIR. In benign vertebral collapse, there is partial replacement of fat with fluid with resultant increase in SIR as compared to normal vertebrae. However, since the replacement is partial, there is still signal drop on out-phase images. In malignant marrow diseases, there is almost complete marrow replacement with tumor cells resulting in highest SIR values.\[[@ref1][@ref3][@ref4]\]

In this study, there was significant difference in SIR of normal vertebra versus benign vertebral collapse and benign versus malignant vertebral collapse (*P* \< 0.01). These results are similar to previous studies.\[[@ref1][@ref2][@ref5][@ref6]\]

In this study, using a cutoff of \<0.95 for benign collapse and ≥0.95 for malignant collapse, we were able to correctly identify 17 out of 18 benign vertebral collapse and 18 out of 20 malignant vertebral collapse with sensitivity of 90% and specificity of 94.4%. Other authors have defined cutoff values of 0.8--0.91 with similar sensitivity and specificity.\[[@ref1][@ref2]\] Due to the fact that there is some variability in the degree of marrow replacement in both benign and malignant processes, there will always be some false positive and negative results based on chemical shift imaging, regardless of what cut-off has been used. However, its high specificity is helpful to reduce errors. Moreover, chemical shift imaging, when viewed along with other MR findings can help to reach the correct diagnosis.

Conclusion {#sec1-5}
==========

Chemical shift imaging with in-phase/out-phase imaging is a robust and rapid sequence which can provide useful information in differentiating benign from malignant vertebral collapse. Therefore, it should be included in routine MRI for evaluation of vertebral collapse.
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